Objectives-To evaluate the effect of precompression on power Doppler visualization of blood flow in breast masses.
C olor and power Doppler sonography can be used to analyze blood flow in breast lesions. The vascularity of a breast tumor has been studied to assess whether a breast mass can be characterized, depending on the size and number of vessels surrounding the mass. [1] [2] [3] [4] [5] [6] Doppler sonography is one of many parameters that may be useful in determining whether a breast tumor is benign or malignant. 5 Studies have shown that using Doppler sonography with grayscale sonography is more beneficial than grayscale sonography alone for evaluation of breast lesions. 3, 4 Although it is known that precompression limits the visualization of breast lesion vascularity, a quantitative evaluation of the effect has not been performed using power Doppler imaging. We have reported a method of semiquantitating precompression when performing breast sonography and documented its effect on elastography. 7 In this study, we evaluated the effect of precompression on the power Doppler visualization of blood flow in breast masses. This technique is the method found to be clinically useful in elastography, is easy to perform, and has been shown to be reproducible for giving adequate information in a clinical setting without pressure sensors.
Materials and Methods
This study was approved by our local Institutional Review Board and was Health Insurance Portability and Accountability Act compliant. Informed consent was received from all patients participating in this study. Thirty patients scheduled for diagnostic breast sonography for a palpable mass or mammographic abnormalities participated in this study. All lesions were solid and hypoechoic, with well-defined borders and without cystic components. Lesion pathologic types were confirmed by ultrasound-guided core biopsy using a 12-gauge vacuum-assisted needle (Celero; Hologic, Inc, Marlborough, MA).
Sonographic examinations were performed with an Acuson S2000 ultrasound system (Siemens Medical Solutions, Mountain View, CA) using a 14L5 transducer, an Aixplorer unit (SuperSonic Imagine, Aix-enProvence, France) using an SL15-4 transducer, or an iU22 system (Philips Healthcare, Bothell, WA) using a 15L4 transducer. The examinations were performed by a board-certified radiologist with 20 years of experience in breast sonography and 3 years of experience with use of the compression method in this study.
A total of 30 lesions were evaluated: 16 benign and 14 malignant. Benign lesions included fibroadenomas (6), mastitis with abscess formation (4), fibrocystic changes (3), epidermoid cysts (2), and stromal fibrosis (1) . Malignant lesions included invasive ductal carcinomas (12) and invasive papillary neoplasms (2) .
After identification of a breast lesion and before the biopsy, a field of view was selected, including the lesion and approximately 10 mm of surrounding tissue for analysis. Power Doppler settings were adjusted on the image with the least compression so that the gain was maximized but no artifact was identified. This gain setting was maintained throughout the data collection. The same location of the lesion/surrounding tissue was maintained for the various measurements. The degree of precompression was varied by lifting or depressing the transducer as needed without losing adequate contact for imaging. 7 For each lesion, a minimum of 5 and up to 10 different degrees of compression were obtained. For all lesions, adequate compression was added to completely eliminate blood flow. Compression was applied until no Doppler signals were identified. Ample coupling gel was used. No lesions had substantial shadowing, which could have affected the detection of Doppler signals.
Graded compression was applied by varying the amount of precompression from minimal to marked. The patients, who stated that the pressure was less than that from a mammogram, tolerated the marked compression. Determining the exact amount of pressure applied is problematic. A reproducible semiquantitative method for determining the degree of compression clinically has been developed. 7 Although this method does not provide exact pressures, it is clinically useful and has been shown to be reproducible. An estimation of the precompression applied was calculated as follows: A structure in the far field was chosen (eg, rib, Cooper ligament, or pectoralis muscle), which was present in the whole series of images. The distance of the structure was documented at each level of compression. The ratio of the distance with compression to the distance of the structure with the least amount of precompression was calculated ( Figure 1 ) and expressed as the percentage of Figure 1 . To calculate the percentage of compression, an object in the far field of view is identified (eg, rib, Cooper ligament, or pectoralis muscle). The ultrasound transducer is lifted, and the object will move deeper in the image.The transducer is lifted until the object is as deep in the image as possible, while still maintaining transducer contact. In A, the rib is at a depth of 4 cm when minimal precompression is applied. In B, where some precompression is applied, the rib is at a depth of 3 cm. The percentage of compression using our method is (4 -3 cm)/4 cm 5 25%.
compression as related to the least-compressed image. The image with minimal compression was obtained by lifting the ultrasound transducer and watching the selected object in the far field. The probe was lifted until the object no longer moved deeper in the image and transducer contact was maintained. For each graded precompression image, a power Doppler image was obtained during the maximum vascularity observed during a heartbeat and stored digitally for analysis.
The number of color pixels in the image was calculated by a MATLAB program (The MathWorks, Natick, MA). The program calculated the number of color pixels in the field of view as well as the intensity of the color pixels. For our analysis, only the number of color pixels was used, as this value is more clinically relevant.
The degree of precompression for each image was calculated as described in Figure 1 . 7 The percentage of color pixels was calculated by dividing the number of color pixels in an image by the number of color pixels in the image with the least compression. Plots of the percentage of color pixels per each compression level were plotted for each lesion. The data points for each patient were plotted in an Excel spreadsheet (Microsoft Corporation, Redmond, WA). The percentages of compression at which the blood flow was reduced 50% and 100% were documented for each lesion. The means and standard deviations for the entire data set as well as the benign and malignant lesions were calculated for both the 50% and 100% decreases in blood flow. The unpaired t test was used to determine whether the differences between the benign and malignant groups were significant. Twotailed P < .05 was considered significant.
Results
Of the 30 patients, 16 had benign lesions, and 14 had malignant lesions. Lesion sizes ranged from 0.5 to 3.5 cm (mean, 1.52 6 0.78 cm). Patients were all female and had a mean age of 53.8 6 17.1 years (range, 39-87 years).
An example of the compression data is presented in Figure 2 . The percentage compression need to decrease the power Doppler blood flow by 50% was 15.0% 6 0.71% for all lesions (range, 8%-30%). For the benign lesions, the results were 15.9% 6 6.43% (range, 8%-30%). For the malignant lesions, the results were 14.0% 6 4.17% (range, 8%-20%). The difference was not statistically significant (P 5 .35).
The percentage of compression needed to completely eliminate power Doppler signals was 31% 6 4.95% for all lesions (range, 18%-62%). For benign lesions, the results were 34.7% 6 12.33% (range, 23%-62%). For the malignant lesions, the results were 26.7% 6 3.89% (range, 18%-31%). The difference was statistically significant (P 5 .027).
Discussion
In general, some precompression is applied when Bmode imaging is performed, as it improves image quality by eliminating refractive artifacts from the Cooper ligaments. When obtaining a color or power Doppler image, the precompression should be decreased to improve visualization of the lesion vascularity. By decreasing the precompression, the underlying B-mode image may have more artifacts; however, this process will improve the color or power Doppler information.
Our experience is that approximately 15% to 20% precompression is used to optimize B-mode images.
Our results suggest that with this level of precompression, approximately 50% of the blood flow will not be detected by power Doppler sonography. To improve visualization of vascularity of breast lesions, release of precompression is important. It is also critical to control the amount of precompression when performing studies that evaluate the amount of blood flow changes with treatment. One can also conjecture that similar changes in the visualized blood flow could occur with contrastenhanced sonography.
Blood vessels in malignant lesions are believed to be abnormal, with less smooth muscle, suggesting that they would be compressed easier. 8 Therefore, it would be expected that precompression would decrease the amount of blood flow in malignant lesions visualized with power Doppler sonography more than in benign lesions. Out results show that the amount of precompression needed to completely eliminate power Doppler signals in malignant lesions is less than that in benign lesions. However, there was not a statistical difference in the amount of precompression needed to decrease the visualized blood flow by 50%.
This study had several limitations. It was a singlesite study and had a small sample size, and measurements were only obtained once in each patient. It is very difficult to maintain the exact same location of scanning when applying precompression. A rigorous reproducibility analysis on the curves of precompression versus amount of blood flow was not performed.
Even with all of the limitations of this study, it is clear that removal of precompression normally used in obtaining B-mode images could improve the visualization of blood flow in breast lesions by approximately 50%. In studies using Doppler or contrastenhanced sonography to evaluate blood flow in the breast, the degree of precompression needs to be controlled.
